Abstract. Several challenges arrive with electrical power restructuring, liberalized electricity markets emerge, aiming to improve the system's efficiency while offering new economic solutions. Privatization and liberalization of previously nationally owned systems are examples of the transformations that have been applied. Microgrids and smart grids emerge and new business models able to cope with new opportunities start being developed. New types of players appear, allowing aggregating a diversity of entities, e.g. generation, storage, electric vehicles, and consumers, Virtual Power Players (VPPs) are a new type of player that allows aggregating a diversity of players to facilitate their participation in the electricity markets. A major task of VPPs is the remuneration of generation and services (maintenance, market operation costs and energy reserves), as well as charging energy consumption. The paper proposes a normalization method that supports a clustering methodology for the remuneration and tariffs definition. This model uses a clustering algorithm, applied on normalized load values, the value of the micro production, generated in the bus associated to the same load, was subtracted from the value of the consumption of that load. This calculation is performed in a real smart grid on buses with associated micro production. This allows the creation of sub-groups of data according to their correlations. The clustering process is evaluated so that the number of data sub-groups that brings the most added value for the decision making process is found, according to players characteristics.
Introduction
Power sector has been completely revolutionized by the emergence of liberalized electricity markets (EM) aiming to improve the system's efficiency while offering economic solutions. Characterized by an increase in competition and changes in participant entities, potential benefits will depend on the efficient operation in the market and in bilateral contract negotiation and remuneration of aggregated players. In consequence of these structural changes, has been a gradual decentralization of decision making and a redistribution of responsibilities for different players [1] . Important developments concerning electricity market players modelling and simulation including decision-support capabilities can be widely found in the literature [2] [3] . Subsystems of the main network are evolving into a reality. The coordination of these entities is a challenge that requires the implementation of distributed intelligence, potentiating the concept of Smart Grid (SG) [4, 5] . However, EM and SG are not converging towards common goals and technical and economic relationships are addressed in an over simplistic way. Operation methods and EM models do not take all the advantage of installed DG, yielding to inefficient resource management that should be overcome by adequate optimization methods [6] . The aggregating strategies of players, allow them to gain technical and commercial advantages, individuals can achieve higher profits due to specific advantages of a mix of technologies to overcome disadvantages of some technologies. The aggregation of players gives rise to the concept of Virtual Power Player (VPP) [7] , heterogeneous entities that aggregate different types of resources where each aggregated player has its individual goals. The VPP should conciliate all players in a common strategy, while enabling each player to pursue its own objectives [8] . There are some simulators in literature that enable modeling VPPs aggregation and resource management process. One relevant system in this domain is MASGriP (Multi-Agent Smart Grid Simulation Platform) [9] , manages and controls the most relevant players acting in a SG environment. MASGriP is connected to MASCEM (Multi-Agent Simulator for Competitive Electricity Markets) [2, 7] , thus providing the means to perform joint simulations. A decision support system has been integrated in MASCEM, in order to allow players to automatically adapt their strategic behavior according to the operation context and with their own goals. This platform is Adaptive Learning Strategic Bidding System (ABidS) [10] , and it provides agents with the ability of analyzing contexts of negotiation. This paper proposes a data mining methodology, based on the application of a clustering algorithm, applied on normalized load values, which groups the typical load profile of the consumers of a SG according to their similarity for the remuneration and tariffs definition from VPPs. The value of the micro production, generated in the bus associated to the same load, was subtracted from the value of the consumption of that load. This allows the creation of sub-groups of data according to their correlations. The clustering process is evaluated so that the number of data subgroups that brings the most added value for the decision making process is found,
RemT -Remuneration and tariff decision support tool for electricity markets
The Remuneration and Tariff Mechanism (RemT) [11, 12] is a decision support mechanism that is being developed to support the VPP actions in the definition of the best tariff and remuneration to apply to each of the aggregated players, regarding the VPP objectives and the individual goal of each aggregated player. In the scope of MASCEM, VPPs use RemT to remunerate aggregated players, according to the results obtained in the electricity market, the penalties for breach of contract, contracts established to guarantee reserve, demand response programs and incomes of aggregated consumers. The establishment of remuneration and tariffs is based on the identification of players' types and development of contract models for each player type. This considers players with a diversity of resources and requirements, playing several distinct roles (consumers, producers and can be responsible for one or several electrical vehicles). The players modelling takes into account the operation and market context. The terms for new contracts and best strategies for each context are determined by means of machine learning methods and data-mining algorithms. The definition process is presented in Figure 1 .
